TITLE OF THE INVENTION 

Semiconductor Substrate, Semiconductor Device, 

and Manufacturing Method Thereof 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a technique of suppressing a so-called auto 
doping when performing an epitaxial growth of a semiconductor substrate. 
Description of the Background Art 

There has conventionally been proposed the technique of forming a thin epitaxial 
layer such as of silicon in a thickness of about several hundreds of nanometers, on the 
surface of a semiconductor substrate such as a silicon substrate. In some cases, the 
impurity concentration of the silicon substrate is set to a relatively high value. For 
instance, when a P type silicon substrate is employed and a P type silicon is formed as an 
epitaxial layer, the boron concentration of the silicon substrate is set to about 1 x 10 18 cm~\ 

On the other hand, the art of epitaxial growth has presented the problem of 
contamination being called "auto doping." This is such contamination that, during 
epitaxial growth or the heat treatment in the step of manufacturing a semiconductor device 
by using an epitaxial layer, the impurity contained in a semiconductor substrate diffuses 
outside the substrate, and the diffused impurity enters the epitaxial layer. For instance, 
epitaxial growth has suffered from the phenomenon that the impurity contained in a silicon 
substrate is introduced into the source gas of the epitaxial growth. 

To suppress the above-mentioned contamination, there has been proposed a 
technique of covering a semiconductor substrate on the side opposite from an epitaxial 
layer to be disposed. Fig. 5 is a sectional view illustrating this conventional technique. 
An oxide film 3 is formed on the reverse surface of a semiconductor substrate 1, e.g., a 
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surface not subjected to mirror finish, and an epitaxial layer 2 is formed on the surface 
opposite from the oxide film 3 (hereinafter referred to as "main surface"). With this 
structure, the oxide film 3 suppresses impurity diffusing from the reverse surface of the 
semiconductor substrate 1 , which results in suppressing auto doping. The technique of 
5 providing the oxide film 3 on the reverse surface of the semiconductor substrate 1 is 
described in Japanese Patent Application Laid-Open No. 9-266145 (1997), which discloses 
a technique employing a spin on glass film and atmospheric pressure chemical vapor 
deposition. 

When the oxide film 3 is disposed on the reverse surface of the semiconductor 
10 substrate 1, however, the resulting semiconductor substrate 10 suffers from a noticeable 
warpage. 

SUMMARY OF THE INVENTION 

According to a first aspect of the invention, a semiconductor substrate 
comprises, first and second surfaces; and an oxide film apart from the first and second 
15 surfaces and extending throughout the semiconductor substrate. 

According to a second aspect, the semiconductor substrate of the first aspect is 
characterized in that the distance between the oxide film and the second surface 
corresponds to a thickness on the order of lCTVof a thickness of the semiconductor 
substrate. 

20 According to a third aspect, the semiconductor substrate of the first or second 

aspect is characterized in that the oxide film has a thickness of 400 to 1 000 nm. 

According to a fourth aspect, the semiconductor substrate according to any of 
the first to third aspects further comprises an epitaxial layer disposed on the first surface. 

According to a fifth aspect, a semiconductor device comprises a semiconductor 
25 element disposed in the epitaxial layer of the semiconductor substrate according to the 
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fourth aspect. 

According to a sixth aspect, a method of manufacturing a semiconductor 
substrate comprises the steps of: (a) providing a semiconductor substrate having first and 
second surfaces; and (b) forming an oxide film apart from the first and second surfaces and 
5 extending throughout the semiconductor substrate. 

According to a seventh aspect, the method of the sixth aspect is characterized in 
that the step (b) includes the steps of: (b-1) introducing oxygen ion into the semiconductor 
substrate from the second surface, and (b-2) performing heat treatment after the step (b-1). 

According to an eighth aspect, the method of the seventh aspect further includes 
10 the step (c), after the step (b), of forming an epitaxial layer on the first surface. 

According to a ninth aspect, the method of the seventh aspect further includes 
the step (d) of making a semiconductor element by using the epitaxial layer. 

With the semiconductor substrate of the first aspect or the method of 
manufacturing a semiconductor substrate of the sixth aspect, the auto doping to a 
15 semiconductor device and the warpage of the semiconductor substrate can be suppressed 
when a semiconductor element is formed on the first or second surface. 

With the semiconductor substrate of the second aspect, less semiconductor is 
present between the oxide film and the second surface, and therefore the amount of auto 
doping is negligible. 

20 With the semiconductor substrate of the third aspect, any warpage can be 

suppressed without any loss of the effect of suppressing auto doping. 

With the semiconductor substrate of the fourth aspect, the impurity diffusion 
from the second surface is suppressed, thus reducing impurity to be introduced into the 
epitaxial layer. 

25 With the semiconductor device of the fifth aspect, it is easy to obtain a desired 



characteristic because of the use of an epitaxial layer that is less subject to auto doping. 

With the method of the seventh aspect, it is able to manufacture the 
semiconductor substrate of the first aspect. 

With the method of the eighth aspect, since the impurity diffusion from the 
second surface is suppressed, the impurity introduction is reduced even when an epitaxial 
layer is formed in the step (c). 

With the method of the ninth aspect, it is easy to obtain a semiconductor device 
with a desired characteristic because of the use of an epitaxial layer that is less subject to 
auto doping. 

It is an object of the present invention to provide a technique of suppressing not 
only auto doping but also the warpage of a semiconductor substrate. 

These and other objects, features, aspects and advantages of the present 
invention will become more apparent from the following detailed description of the present 
invention when taken in conjunction with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 4 are sectional views illustrating a sequence of steps in a method of 
manufacturing a semiconductor device according to one preferred embodiment of the 
invention; and 

Fig. 5 is a sectional view of a conventional technique. 
DESCRIPTION OF THE PREFERRED EMBODIMENT 

Figs. 1 to 4 are sectional views illustrating a sequence of steps in a method of 
manufacturing a semiconductor device according to one preferred embodiment of the 
invention. 

Firstly, there is provided a semiconductor substrate 1 having a main surface 1 a 
and a reverse surface lb. The semiconductor substrate 1 is, for example, a silicon wafer, 




which contains boron in a concentration of 1 X 10 18 to 1 X 10 20 cm". The main surface la 
is a surface to be subjected to epitaxial growth, and the reverse surface lb is the surface 
opposite to the main surface la. 

Referring to Fig. 1, oxygen ion (0 2 ') 9 is implanted to the entire surface from the 
5 reverse surface lb, in a known manner. Then, an annealing of the resulting structure is 
performed. For example, the annealing is conducted at 1300 to 1400 °C in an 
atmosphere of hydrogen or argon, for one hour. 

Fig. 2 shows the structure of a semiconductor substrate 21 obtained through the 
foregoing steps. An oxide film 4 is formed at a position within the semiconductor 
10 substrate 1, so as to be apart from not only the main surface la but also the reverse surface 
lb. The oxide film 4 is disposed apart not less than 200 nm from the reverse surface lb, 
and extends throughout the semiconductor substrate 1, in a thickness of 400 to 1000 nm. 
The oxide film 4 can be disposed at such a position by controlling the above-mentioned 
conditions of ion implantation. For instance, the energy and dose are set to 150 to 170 
15 keV and 1.7 x 10 18 cm°, respectively. 

Subsequently, an epitaxial growth of the main surface la is performed to form an 
epitaxial layer 2. For instance, the epitaxial layer 2 is of p type silicon. Fig. 3 shows the 
structure of the resulting semiconductor substrate 20. Mirror finish on the main surface 
la may be performed after obtaining the semiconductor substrate 21 and before the 
20 epitaxial growth. Alternatively, it may be performed before the annealing. 

As stated earlier with respect to Fig. 2, since the oxide film 4 is disposed in the 
semiconductor substrate 21, the amount of warp of the semiconductor substrate 20 is 
decreased better than if an oxide film is disposed on the reverse surface lb. For a silicon 
wafer of 720 fi m thick and 20.3 cm in diameter, when an oxide film of 300 nm is disposed 
25 on the reverse surface, the amount of warp has conventionally been 45 to 50 fi m, whereas 
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in the invention it is 30 to 35 U m. 

A part 5 of the semiconductor substrate ] is present between the oxide film 4 and 
reverse surface lb, in the semiconductor substrates 20 and 21. Based on the foregoing 
description, however, the thickness of the part 5 is about 200 nm, and it is merely on the 
5 order of 10" 3 , as viewed from the entire thickness of the semiconductor substrate 1 of 
which thickness is usually about several hundreds of fJ. m. Therefore, the amount of 
impurity diffused from the part 5 is extremely small. 

Furthermore, for a silicon wafer of 720 Urn thick and 20.3 cm in diameter, 
when an oxide film of 300 nm is disposed on the reverse surface, the amount of boron in an 
10 epitaxial layer has conventionally been about 8.3 X 10 12 cm", whereas in the invention it is 
about 7.0 X l o 12 cm" 3 . This shows an improvement in reducing the amount of boron. 

The reason for this seems to be that in the present invention the oxide film 4 also 
covers the edge of the wafer, and the boron diffusion from the edge is therefore 
considerably reduced, thereby to compensate for increase due to the impurity diffusion 
15 from the part 5. 

Thus, the present invention permits to suppress not only auto doping but also the 
warpage of the semiconductor substrate. It should be noted that the function of 
suppressing impurity diffusion is insufficient when the thickness of the oxide film 4 is below 
400 nm, and warpage is increased when it exceeds 1000 nm. 
20 When an epitaxial layer 2 is formed by using a semiconductor substrate 21, it is 

suppressed that the epitaxial layer 2 suffers from auto doping due to impurity. It is also 
possible to suppress auto doping when a semiconductor element, e.g., a transistor 30, is 
formed on the epitaxial layer 2 by using a semiconductor substrate 20, as shown in Fig. 4. 
Accordingly, the method of manufacturing a semiconductor device by using a 
25 semiconductor substrate 20 or 21, produces the effect of suppressing not only auto doping 
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to the semiconductor device but also the warpage of the semiconductor substrate. To 
suppress the warpage of the semiconductor substrate is particularly useful in the step of 
mask alignment. 

A semiconductor device obtained by the method of manufacturing a 
5 semiconductor device as described, of course, comes within the scope of the invention. It 
is easy to obtain a desired characteristic because a semiconductor element is made by using 
an epitaxial layer that is less subject to auto doping. 

While the invention has been shown and described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is therefore understood that 
10 numerous modifications and variations can be devised without departing from the scope of 
the invention. 



